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8.1 Introduction

A novel coronavirus was identified in late 2019 that rapidly reached pandemic pro-
portions. The World Health Organization has designated the disease caused by the
virus (severe acute respiratory syndrome coronavirus 2 [SARS-CoV-2]) as corona-
virus disease 2019 (COVID-19). Bilateral pneumonia, acute respiratory failure
(ARF), systemic inflammation, endothelial dysfunction, and coagulation activation
has been described as key features of severe COVID-19 [1-6]. An increased risk of
venous thromboembolism (VTE) in patients with COVID-19 pneumonia admitted
to intensive care unit (ICU) [7-11] and in non-ICU wards has been reported despite
adequate thromboprophylaxis. Thus, several authors [7, 8] suggested that higher
anticoagulation targets than in usual critically ill patients should probably be taken
into consideration for patients with COVID-19 pneumonia.

This review provides practical information for evaluation and management of
coagulation abnormalities in individuals with COVID-19.

8.2 SARS-CoV-2 Clinical Feature

SARS-CoV-2 outcome seems to be determined by the extent of the host immune
system imbalance. The primary immune response usually leads to viral clearance.
However, for unclear reasons, the secondary immune response may be exagger-
ated and, in some cases, may lead to multiple organ failure, acute respiratory
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distress syndrome (ARDS), and death [12]. This exaggerated response is known
as cytokine release syndrome (CRS), and it has an important role in the activation
of coagulation.

The spectrum of symptomatic COVID-19 infection ranges from mild to critical;
most infections are not severe. Specifically, in a report from the Chinese Center for
Disease Control and Prevention, that included approximately 44,500 confirmed
infections, an estimation of disease severity was described [13]. Mild disease (or
mild pneumonia) was reported in 81%. Severe disease (e.g., with dyspnea, hypoxia,
or >50% lung involvement on imaging within 2448 h) was described in 14%.
Critical disease (e.g., with respiratory failure, shock, or multiorgan dysfunction)
was identified in 5%. The overall case fatality rate was 2.3%; no deaths were
reported among noncritical cases. Among hospitalized patients, the proportion of
critical or fatal disease is higher. In a study that included 2741 patients who were
hospitalized for COVID-19 in a New York City health care system, 665 patients
(24%) died or were discharged to hospice [14]. Of the 749 patients who received
intensive care (27% of the total hospitalized cohort), 647 received invasive mechan-
ical ventilation; of those patients, 60% died and 13% were still ventilated. In Italy,
12% of all detected COVID-19 cases and 16% of all hospitalized patients were
admitted to the ICU; the estimated case fatality rate was 7.2% [15, 16].

Individuals of any age can acquire SARS-CoV-2 infection, although adults of
middle age and older are most commonly affected, and older adults are more likely
to have severe disease. Symptomatic infection in children and adolescents appears
to be relatively uncommon; when it occurs, it is usually mild, although a small pro-
portion (e.g., <2%) experience severe and even fatal disease. Severe illness can
occur in otherwise healthy individuals, but it predominantly occurs in adults with
underlying medical comorbidities. Comorbidities and other conditions that have
been associated with severe illness and mortality include cardiovascular disease,
diabetes mellitus, hypertension, chronic lung disease, cancer (in particular hemato-
logic malignancies, lung cancer, and metastatic disease), chronic kidney disease,
obesity, and smoking. In a report of 355 patients who died with COVID-19 in Italy,
the mean number of pre-existing comorbidities was 2.7, and only three patients had
no underlying condition [16].

Asymptomatic infections have also been well documented [17]. The proportion
of infections that are asymptomatic has not been systematically and prospectively
studied. One literature review estimated that it is as high as 30 to 40%, based on data
from two large cohorts that identified cases through population-based testing
[17, 18].

The incubation period for COVID-19 is generally within 14 days following
exposure, with most cases occurring approximately 4-5 days after exposure.

Pneumonia appears to be the most frequent serious manifestation of infection,
characterized primarily by fever, cough, dyspnea, and bilateral infiltrates on chest
imaging [3]. However, other features, including upper respiratory tract symptoms,
myalgias, diarrhea, and smell or taste disorders, are also common. Although some
clinical features (in particular smell or taste disorders) are more common with
COVID-19 than with other viral respiratory infections, there are no specific
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Table 8.1 Laboratory features associated with severe COVID-19

Possible threshold

1 D-dimer >1000 ng/mL (normal range: <500 ng/mL)

t CRP >100 mg/L (normal range: <8.0 mg/L)

1t LDH >245 units/L (normal range: 110 to 210 units/L)

1 ferritin >500 mcg/L (normal range: females 10 to 200 mcg/L; males 30 to
300 mcg/L)

ttroponin >2x the upper limit of normal

TCPK >2x the upper limit of normal

| absolute lymphocyte <800/microL (normal range for age > 21 years: 1800 to 7700/

count microL)

Possible threshold are extrapolated from published cohort data and individualized to the reference
values used at our laboratory. However, the specific thresholds are not well established
COVID-19, coronavirus disease 2019, CRP C-reactive protein, LDH, lactate dehydrogenase, CPK,
creatine phosphokinase

symptoms or signs that can reliably distinguish COVID-19. Some patients with
initially nonsevere symptoms may progress over the course of a week [19].

Common laboratory findings among hospitalized patients with COVID-19
include lymphopenia, elevated aminotransaminase levels, elevated lactate dehydro-
genase levels, elevated inflammatory markers (e.g., ferritin, C-reactive protein, and
erythrocyte sedimentation rate), and abnormalities in D-dimer levels (see Table 8.1).
Several laboratory features, including high D-dimer levels and more severe lympho-
penia, have been associated with critical illness or mortality [4].

Common abnormal radiograph findings in patients with COVID-19 most were
consolidation and ground-glass opacities, with bilateral, peripheral, and lower lung
zone distributions. Chest CT commonly demonstrates ground-glass opacification
with or without consolidative abnormalities. Chest CT abnormalities are often bilat-
eral, have a peripheral distribution, and involve the lower lobes. Among patients
who clinically improve, resolution of radiographic abnormalities may lag behind
improvements in fever and hypoxia.

Several complications of COVID-19 have been described. ARDS is the major
complication in patients with severe disease. Other complications have included
arrhythmias, acute cardiac injury, and shock. Thromboembolic complications,
including pulmonary embolism and acute stroke, have also been reported. Other
inflammatory complications and auto-antibody-mediated manifestations have been
described. Guillain-Barré syndrome may occur, with onset 5-10 days after initial
symptoms. A multisystem inflammatory syndrome with clinical features similar to
those of Kawasaki disease and toxic shock syndrome has also been described in
children with COVID-19.

The proportion of patients with COVID-19 who are diagnosed with ARDS on
the basis of oxygenation criteria ranges between 20% and 67% in patients admitted
to hospital and is 100% in mechanically ventilated patients [20, 21]. Grasselli et al.
recently published a systematic analysis of clinical and laboratory features in
patients with COVID-19-associated ARDS in 301 consecutive patients
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prospectively enrolled in 7 Italian hospitals [15]. They compared the pathophysiol-
ogy of COVID-19-related ARDS with classical ARDS using two large historical
datasets, showing that patients with COVID-19-associated ARDS have a form of
injury that is similar to that of classical ARDS characterized by decreased compli-
ance and increased lung weight. In many patients, this injury was complicated by
increased dead space, which was probably related to diffuse microthrombi or emboli
of the pulmonary vascular bed. In this study, patients with COVID-19-related ARDS
had a median static compliance of the respiratory system 28% higher in patients
with COVID-19 (n =297; 41 mL/cm H,O [IQR 33-52]) than in those with classical
ARDS (n = 960; 32 mL/cm H,O [22-40], p < 0-0001). Moreover, they found that
most of the patients had markedly increased D-dimer concentrations (median
1880 ng/mL [IQR 820-6243]). In this study, 28-day mortality was 36% (93 of 261
patients). In particular, when an easily identified phenotype of increased parenchy-
mal damage (low static compliance) and increased D-dimer concentrations occurs
together, mortality is extremely high.

Secondary infections including respiratory infections and bacteremia do not
appear to be common complications of COVID-19 overall, although data are lim-
ited [41]. Several reports have described presumptive invasive aspergillosis among
immunocompetent patients with ARDS from COVID-19, although the frequency of
this complication is uncertain [42].

Recovery time appears to be around 2 weeks for mild infections and 3—6 weeks
for severe disease based on early data from China. However, the recovery course is
variable and depends on age and pre-existing comorbidities in addition to illness
severity.

Systematic evaluation of the long-term sequelae of COVID-19 is lacking, but
emerging data [43] suggest the potential for ongoing respiratory impairment.
Moreover, cardiac imaging studies have suggested the potential for cardiac sequelae
after COVID-19 [22].

8.3  Coagulation Abnormalities in Patients with COVID-19

SARS-CoV-2 may predispose patients to thrombotic disease, both in the venous and
arterial circulation, due to excessive inflammation, platelet activation, and endothe-
lial dysfunction [23-25]. The predominant coagulation abnormalities in patients
with COVID-19 are summarized in Table 8.2. Bleeding does not appear to be a
major manifestation of COVID-19. However, patients may have bleeding for other
reasons, including trauma and/or treatment with anticoagulation. If it occurs, treat-
ment is similar to non-COVID-19 patients and may include transfusions, anticoagu-
lant reversal or discontinuation, or specific products for underlying bleeding
disorders.

Laboratory findings in COVID-19 are the following: prothrombin time (PT) and
activated partial thromboplastin time (aPTT) normal or slightly prolonged, platelet
counts normal or increased, fibrinogen increased, D-dimer increased, factor VIII
activity increased, von Willebrand factor (VWF) antigen greatly increased, and
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Table 8.2 The hypercoagulable state in patients with COVID-19 [26]

Predominant coagulation abnormalities

¢ D-dimer increased

» Fibrinogen increased

¢ Prothrombin time (PT) and aPTT* normal or slightly prolonged

* Platelet counts normal or increased
e Factor VIII activity increased
* VWF antigen greatly increased

» Small decreases in antithrombin and small increase in protein C

PT prothrombin time, aPTT activated partial thromboplastin time, VWF antigen von Willebrand
factor antigen, LA lupus anticoagulant
“The presence of a LA is common in individuals with a prolonged aPTT

minor changes in natural anticoagulants (i.e., small decreases in antithrombin and
small increase in protein C) [26]. The presence of a lupus anticoagulant (LA) is
common in individuals with a prolonged aPTT. Very elevated levels of D-dimer
have been observed that correlate with illness severity, especially if levels are
increased several-fold [27].

This state appears to be distinct from disseminated intravascular coagulation
(DIC), even if some critical patients with COVID-19 have met criteria for probable
DIC. Clinical findings of acute DIC include bleeding, thrombocytopenia, prolonged
PT and aPTT, low plasma fibrinogen, elevated plasma D-dimer, and microangio-
pathic changes on peripheral blood smear. DIC is a clinical and laboratory diagno-
sis. The International Society on Thrombosis and Haemostasis (ISTH) has developed
in 2009 a scoring system to be applied to individuals with an underlying disorder
associated with DIC, which incorporates laboratory features including the PT, plate-
let count, fibrinogen level, and D-dimer [28]. The ISTH scoring system (see
Table 8.3) is reported to have a sensitivity of 91% and a specificity of 97%, but is
not widely used. COVID-19 has some similar laboratory findings to DIC, including
a marked increase in D-dimer and in some cases, mild thrombocytopenia. However,
other coagulation parameters in COVID-19 are distinct from DIC. In particular, the
typical findings of high fibrinogen and high factor VIII activity suggest that major
consumption of coagulation factors is not occurring [26]. As a matter of fact, in one
of the largest series that reported thromboembolic events in subjects with COVID-19,
none of the patients developed overt DIC [8].

The pathogenesis of hypercoagulability in COVID-19 is incompletely understood.
However, we know that cytokine release syndrome (CRS) is thought to play an impor-
tant role in disease severity [29]. CRS is associated with increased levels of inflamma-
tory cytokines and activation of T lymphocytes, macrophages, and endothelial cells.
In particular, interleukin 6 and tumor necrosis factor seems to hold a key role leading
to vascular leakage and to activation of complement, tissue factor, and coagulation
cascade [30, 31]. Moreover, all three of the major contributions of Virchow’s triad to
clot formation (i.e., endothelial injury, stasis, and hypercoagulable state) apply to
severe COVID-19 infection. There is evidence of direct invasion of endothelial cells
by the SARS-CoV-2 virus, potentially leading to endothelial injury [32]. Other sources
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Table 8.3 The International Society on Thrombosis and Haemostasis (ISTH) scoring system [28]

A ISTH score of 5 or more points suggests DIC is probable
* Thrombocytopenia
— 1 point for platelet count 50,000 to 100,000/microL
— 2 points for platelet count r < 50,000/microLL
* Prolonged PT
— 1 point for 3—-6 s of prolongation

— 2 points for more than 6 s of prolongation
* Low fibrinogen: 1 point for <100 mg/dL
* Increased D-dimer

— 2 points for moderate increase

— 3 points for “strong” increase

PT prothrombin time, DIC disseminated intravascular coagulation

of endothelial injury include intravascular catheters and mediators of the acute sys-
temic inflammatory response such as cytokines (e.g., interleukin 6) and other acute
phase reactants [33]. The contribution of complement-mediated endothelial injury has
also been suggested [34]. Immobilization can cause stasis of blood flow in all hospi-
talized and critically ill patients, regardless of whether they have COVID-19. Finally,
a number of changes in circulating prothrombotic factors have been found in patients
with severe COVID-19: elevated factor VIII, elevated fibrinogen, neutrophil extracel-
lular traps (NETs), and hyperviscosity [26, 35].

These coagulation abnormalities in the direction of an underlying hypercoagu-
lable state raise questions about appropriate evaluations and interventions to prevent
or treat thrombosis.

8.4 Venous Thromboembolism in Critically lll Patients

Critically ill patients have an increased risk of VTE of the upper and lower extremi-
ties. The risk factors include immobility associated with serious illness such as sep-
sis and trauma and invasive procedures such as central venous lines [36]. The most
serious manifestation of VTE is pulmonary embolism (PE). Of all PEs, 90% are
estimated to originate from deep venous thrombosis (DVT) of the lower limbs [37].
DVT and PE share common risk factors [38].

The main clinical importance of DVT lies in its association with potentially life-
threatening PE. In critically ill patients with impaired cardiopulmonary reserve, a small
PE might have severe or fatal sequelae. In addition, evaluation for VTE in critical ill
patients may be challenging. Thus, some mechanically ventilated patients with sudden
episodes of hypotension, tachycardia, or hypoxia may have undetected PE [39].

PE is stratified into massive, sub-massive, and low risk based upon the presence
or absence of hypotension and right ventricular dysfunction or dilation. This strati-
fication is associated with mortality risk [40].

The prevalence of VTE in non-COVID-19 ICU patients ranged from 2 to 8% [7,
44, 45]. In a retrospective observational cohort study in 12 adult ICUs, including
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12.338 medical-surgical critically ill patients, VTE appears to be an apparently
infrequent problem, occurring also among patients receiving prophylaxis [44].
Indeed, only 1-2% of patients developed VTE. Across these 12 ICUs, the incidence
of definite DVT or PE ranged from 0.1% to 2.6% and 0.2% to 2.4%, respectively. In
particular, 252 (2.0%) patients had confirmed VTE (166 DVT events and 122 PE
events). Most incident events occurred within 2 weeks of ICU admission. Two
thirds of patients required mechanical ventilation and one third required vasopres-
sors or inotropes at some point during their ICU stay. The proportion of patients
with VTE who received thromboprophylaxis for 80% or more of their ICU stay was
65.8%. Thus, most VTE events were due to prophylaxis failure rather than failure to
provide prophylaxis.

8.5 Venous Thromboembolism in Hospitalized Patients
with COVID-19 Pneumonia

Among hospitalized COVID-19 patients, an increased risk of VTE has been reported
despite adequate thromboprophylaxis [7—11, 46]. In particular, higher prevalence of
VTE was found compared to non-COVID-19 ICU patients [7-45]. Case series of
ICU patients including more than 600 patients reported high rates of VTE (range 20
to 43%), mostly PE [8, 47-49]. Data regarding VTE rate outside the ICU are more
limited but also suggest a possibly increased rate (range 3% to 6%) [24, 49]. Other
studies focused on COVID-19 patients also show a higher rate of DVT (65-69% in
ICU patients [50, 51] and 11.9-21% in general ward patients [11, 52, 53]).

In a retrospective study, 11 diagnoses of PE were described in a population of 62
patients with ARDS related to COVID-19 [9]. In all these patients, main pulmonary
arteries were involved (Fig. 8.1).

Fig.8.1 Computed
tomography scan imaging
of ARDS associated to
COVID-19 and pulmonary
emboli. Pulmonary
embolus across the
bifurcation of pulmonary
trunk is noted, as indicated
by the arrow
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Autopsy studies in small series of patients who have died from COVID-19 have
also demonstrated microvascular thrombosis in the lungs [34, 54]. The universality
and clinical implications of these observations require further research.

Several factors contribute to the increase in VTE risk in ICU patients. Recognized
risk factors for DVT are related to one or more elements of Virchow’s triad: flow
stasis, vessel injury, and hypercoagulability. Flow stasis, due to prolonged immobil-
ity, mechanical ventilation, use of sedatives, and neuromuscular block, plays a
major role in ICU patients [55-57]. In addition, in this population vessel injury may
be due to catheter insertion in central veins, and hypercoagulability may be induced
by sepsis or dehydration [55, 56].

Evaluation for DVT or PE in these patients may be challenging because symp-
toms of PE overlap with COVID-19, and imaging studies may not be feasible in all
cases [9]. The threshold for evaluation or diagnosis of DVT or PE should be low
given the high frequency of these events and the presence of additional VTE risk
factors in many individuals. In patients with suspected PE due to unexplained hypo-
tension, tachycardia, worsening respiratory status, or other risk factors for thrombo-
sis, computed tomography with pulmonary angiography is the preferred test to
confirm or exclude the diagnosis. On the other hand, bilateral complete duplex
ultrasound (CDUS) is the suggested test to screen for DVT.

Heparin resistance (requirement for very high doses of heparin to achieve a ther-
apeutic aPTT or anti-factor Xa activity) might be another concern in acutely ill
patients with COVID-19. In a French study, 43% of patients reported VTE despite
thromboprophylaxis, and thrombotic complications occurred despite prophylactic
or therapeutic anticoagulation, respectively, in 70% and 30% of patients [7]. In
another series, among 74 patients, VTE was reported in 29 patients [49]. All of them
were receiving anticoagulation, both at prophylactic and therapeutic levels. In addi-
tion, a series of 15 individuals in the ICU anticoagulated for VTE noted a very high
requirement for unfractionated heparin or low molecular weight heparin. In particu-
lar, five patients receiving dalteparin had anti-factor Xa peak below expected (<0.6
international units/mL for twice daily dosing or <1 international units/mL for once
daily dosing]) [58]. The reason for heparin resistance is not understood; the authors
stated that heparin is negatively charged and can interact with a variety of positively
charged plasma proteins, some of which behave like acute phase reactants and will
compete for heparin binding. Furthermore, the suboptimal efficacy of higher antico-
agulation dose could also be explained by the underlying pathophysiological mech-
anism which explains the presence of thrombotic material in pulmonary circulation
[59, 60]. In the context of COVID-19, pulmonary thrombosis may develop via a
distinctive mechanism and therefore may not respond adequately to intensified
anticoagulation.

Based on these reports, many physicians are advocating the empiric use of thera-
peutic anticoagulation even in patients who do not have a documented diagnosis of
VTE [7, 61, 62]. On the other hand, the current position of the majority of medical
societies still recommend using standard prophylactic doses of anticoagulation for
hospitalized COVID-19 patients, similar to what is recommended for other acutely
ill medical patients [63].
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A small randomized trial (HESACOVID) randomly assigned 20 individuals with
severe COVID-19 to receive therapeutic-dose anticoagulation (enoxaparin, 1 mg/kg
twice daily) or prophylactic-dose anticoagulation (enoxaparin, 40 mg once daily or
unfractionated heparin, 5000 units three times daily); adjustments were made for
age, weight, and kidney function as appropriate [64]. Half the patients in the pro-
phylactic group received unfractionated heparin and half enoxaparin. Compared
with prophylactic dosing, therapeutic dosing led to fewer days on the ventilator and
significant reductions in D-dimer levels. However, confidence in the results is ham-
pered by the open-label design and small size of this study. Besides, in our general
ICU, a high prevalence of PE was registered among the first 62 patients (19.3%
cases) affected by COVID-19-related ARF, admitted from 1 March to 31 March
2020, despite a regular antithrombotic prophylaxis [9]. Thus, a protocol with
increased doses of thromboprophylaxis was introduced in our hospital for these
patients. Subsequently, we performed a prospective, observational study to assess
thrombotic risk in COVID-19 pneumonia patients and to compare populations
treated with three different antithrombotic prophylaxis protocols (Fig. 8.2) [10].
Seventy-four patients were enrolled (44 men and 30 women, average age 68.6).
Diagnosis of venous thromboembolism was made in 21 cases (28.4%). Forty-seven
out of 74 patients (63.5%) received intermediate or therapeutic dose of anticoagula-
tion, while 27 patients (34.5%) received standard antithrombotic prophylaxis. Our
analysis showed that an intermediate or therapeutic dose of anticoagulation did not

Standard Prophylaxis (27 patients):
22 Enoxaparin 80U/kg/qd
4 Heparin 5000 U tid
1 Fondaparinux 2,5mg/qd

Intermediate Dose (24 patients):
22 Enoxaparin <200, >80U/kg/qd
74 patients > 1 Heparin >15000, <25000U/qd
1 Fondaparinux 5mg/24h

Therapeutic Dose (23 patients):

7 Enoxaparin 100U/kg bid

16 Heparin 12500U bid/tid

Fig. 8.2 Antithrombotic prophylaxis in Longhitano study [10]. Antithrombotic prophylaxis: mol-
ecules and doses
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decrease the prevalence of thrombotic events. On the other hand, six patients
reported severe hemorrhagic complications (two cases with standard antithrombotic
prophylaxis group and four cases with increased antithrombotic dose), with a hem-
orrhagic shock in three cases. In addition, mortality among patients receiving a
higher dose of antithrombotic prophylaxis was three times higher than in subjects
treated with standard prophylaxis. More recently, a randomized trial was stopped
when the prespecified criterion for futility was met for therapeutic-dose anticoagu-
lation after the inclusion of 1098 critical ill patients with COVID-19 [65]. The
authors of this study concluded that in critically ill patients with COVID-19, an
initial strategy of therapeutic-dose anticoagulation with heparin did not result in a
greater probability of survival to hospital discharge or a greater number of days free
of cardiovascular or respiratory organ support than did usual-care pharmacologic
thromboprophylaxis.

To date, VTE prophylaxis using at least prophylactic dosing is appropriate in all
hospitalized medical, surgical, and obstetric patients with COVID-19, unless there
is a contraindication to anticoagulation (e.g., active bleeding or serious bleeding in
the prior 24-48 h) [66, 67]. American Society of Hematology 2021 guidelines on
the use of anticoagulation for thromboprophylaxis in hospitalized patients with
COVID-19 suggested prophylactic dosing rather than more intensive (intermediate
or therapeutic) dosing [68].

Low molecular weight (LMW) heparin is preferred for thromboprophylaxis, but
unfractionated heparin can be used if LMW heparin is unavailable or if kidney func-
tion is severely impaired. In case of history of heparin-induced thrombocytopenia
(HIT), an alternative agent such as fondaparinux may be used. The presence of a
prolonged aPTT due to the lupus anticoagulant (LA) phenomenon does not reflect
decreased risk of thromboembolic complications (in some individuals, it reflects
increased risk) and is not a reason to avoid anticoagulation.

Therapeutic-dose (full-dose) anticoagulation for at least 3 months is always
appropriate to treat DVT or PE, and tissue plasminogen activator (tPA) is appropri-
ate for massive PE, unless there is a contraindication.

8.6 Arterial Thrombosis

Arterial thrombotic events such as stroke, myocardial infarction, and limb ischemia
are also increased, but to a lesser extent than venous thrombosis.

The largest study, which included 3334 individuals (829 ICU and 2505 non-
ICU), reported stroke in 1.6% and myocardial infarction in 8.9% [69]. Risk factors
for arterial thrombosis included older age, male sex, Hispanic ethnicity, history of
coronary artery disease, and D-dimer >230 ng/mL on presentation. Arterial throm-
botic events were associated with increased mortality.

A report described 20 patients with COVID-19 who developed acute limb isch-
emia at a single institution over a 3-month period [70]. This represented a signifi-
cant increase in limb ischemia over the previous year (16%, versus 2% in early
2019). Most were male, and the average age was 75 years. Surgical
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revascularization procedures were performed in 17, of which 12 (71%) were suc-
cessful, a lower-than-expected success rate. Individuals who received postoperative
heparin did not require reintervention, although the benefits of postoperative hepa-
rin did not reach statistical significance.

8.7 Conclusion

COVID-19 is characterized with a hypercoagulable state associated with acute
inflammatory changes and laboratory findings that are distinct from DIC, safe for
some patients with very severe disease. The risk for VTE is markedly increased,
especially in patients in the ICU, often despite prophylactic-dose anticoagulation.
Pulmonary microvascular thrombosis and arterial thrombotic events such as stroke,
myocardial infarction, and limb ischemia are also increased, but to a lesser extent
than venous thrombosis. Bleeding is less common than thrombosis but can occur.

The threshold for evaluation or diagnosis of DVT or PE should be low given the
high frequency of these events and the presence of additional VTE risk factors in
many individuals. In patients with suspected PE, computed tomography with pul-
monary angiography is the preferred test to confirm or exclude the diagnosis. CDUS
is the suggested test to screen for DVT.

All inpatients should receive thromboprophylaxis unless contraindicated. In hos-
pitalized patients with COVID-19, prophylactic dosing rather than more intensive
(intermediate or therapeutic) dosing is suggested. Therapeutic dose of anticoagula-
tion is always appropriate to treat DVT or PE, unless contraindicated.
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